INTERNATIONAL JOURNAL OF GEOLOGY

Issue 2, Volume 3, 2009

An Investigation of Seismicity For The Aegean and
Mediterranean Regions

Nilgiin SAYIL
Karadeniz Technical University, The Faculty of Engineering, Department of Geophysical Engineering, TR-61080, Trabzon,

Turkey, sayil@ktu.edu.tr

Abstract— In order to investigate the seismicity of Aegean and
Mediterranean regions limited with the coordinates of 35°-39°N,
26°-38°E, Gutenberg-Richter —magnitude-frequency relation,
seismic risk and recurrence period have been computed. The data
belonging to both the historical period before 1900 (I > 5.0
corresponding to Mg > 4.4) and the instrumental period until 2007
(Mg > 4.0) has been used in the analysis. The study area has been
divided into 15 sub-regions due to certain seismotectonic
characteristics, plate tectonic models and geology of the region. All
the computations have been performed for these sub-regions,
separately. According to the results, a and b values in the computed
magnitude-frequency relations are in the intervals 3.10+0.24-
5.2940.52 and 0.39£0.03-0.73+0.08, respectively. The highest b
values have been determined for sub-regions 7 (Gokova Gulf-
Mugla-Goélhisar) and 1 (Izmir- Sakiz Island). The lowest b values
have also been determined for sub-regions 15 and 8 (Antakya and
Bodrum-istankdy). Finally, seismic risk and recurrence period
computations from a and b values have shown as expected that
sub-regions 15 and 8 which have the lowest b values and the
highest risks and the shortest-recurrence periods.

Keywords— Aegean and Mediterranean Regions, Poisson model,
Recurrence period, Seismicity.

I. INTRODUCTION

One of the most seismically active regions in the world is
the Alpine-Himalayan Belt which extends from the Azores
to Indonesia Anatolia locates in the most active section of
this belt in the eastern Mediterranean and involves several
important tectonic structures such as North Anatolian Fault
Zone (NAFZ), East Anatolian Fault Zone (EAFZ), North-
East Anatolian Fault Zone (NEAFZ) and Bitlis Thrust Belt
(BTB) shown in Fig. 1. Therefore Anatolia has been
exposed to strong earthquakes along the history. Focal
mechanisms of earthquakes in western Anatolia indicate that
intra-plate deformations arising from vertical movements are
occurring inside of the Aegean-Anatolian block. Most of the
fault-plane solutions in western Anatolia represent normal
faulting, indicative of crustal extension. Tensional axes for
these solutions are nearly horizontal and perpendicular to
the general east-west trend of graben structure. The Arabian
plate moves northward, and forces the smaller Anatolian
plate westward between the North and the East Anatolian
Fault Zones as from Karliova triple junction. [1], [2]
showed that this motion is transferred into the Aegean in a
southwesterly direction, resulting in the northern Aegean
being dominated by dextral strike-slip faulting of
northeasterly strike. This faulting type has been seen in the
recent strong earthquakes, and confirmed by neotectonic
observations.
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Fig 1. Neotectonics of Turkey and surrounding area [14].

The subject of this study is to estimate the probability of
earthquake occurrences and recurrence periods by using
Poisson model from historical and instrumental data for
selected characteristic sub-regions in Aegean and
Mediterranean regions.

II.DATA

Both historical (since BC-222, I > 5.0 corresponding to Mg
> 4.4) and instrumental period (until 2007, Mg > 4.0), data
obtained from the catalogues and bulletins of international
data centers have been used in this study. Homogeneity of
the data is very important in the analysis. In order to ensure
homogeneity, all of the magnitudes have been taken as
surface wave magnitude (Mg). These magnitudes have been
determined by seismologists who compiled the catalogues
either from recordings of long-period seismometers, or
through the use of experimental scaling relations. Possible
discrepancies between the magnitudes computed by
different authors for the same earthquake are small, and do
not affect the results much in any case.

The experimental scaling relation (1) between surface (Ms)
and body wave magnitudes (m,) has been estimated by
using 190 earthquakes of Mg > 3.0 and m, > 3.5 taken from
the dataset in the instrumental period. Likewise, the
correlation between intensity and magnitude has been
determined (2) from the data of 115 earthquakes (Mg > 4.4)
occurred in the instrumental period (Fig. 2). Computed M-
I, and Mg-m,, relations are consistent with those of [3] and
[4], respectively.
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Fig. 2 Correlations of Mg-m;, and M-I, used in this study.

An important criterion for the analysis is completeness of
the data. Namely, the data must include all of the
earthquakes that occurred in a certain seismogenic region
during a specific time-period with magnitudes larger than a
specific minimum (cut-off) magnitude. According to this
statement, the smallest magnitude from which earthquakes
were reliably reported in the catalogues (historical and
instrumental period) used has been chosen as a minimum
magnitude (M, = 4.0 in our case for all sub-regions) in
each region. Maximum magnitude value (M) IS
magnitude of the biggest earthquake for each sub-region.
Another important criteria is to select the main shocks from
dataset. Namely, the dataset has to be cleared from after-
and for-shocks to be able to use it in Gutenberg-Richter
relationship. Thus, after- and for-shocks has been rejected
from dataset.

III. DEFINITION OF THE METHOD

Since magnitude-frequency relations are formed as the basis
of the earthquake occurrence, it is used for the criterion of
earthquake activity as times ago. In the investigation of
earthquake occurrence frequencies, it seems that they exhibit
usually a linear relation. An equation to represent the
relation between the magnitude and earthquake occurrence
frequencies has been suggested by [5]. Equation (3) is:

LogN(M)=a-bM 3)

where N(M) (cumulative frequency), is the number of
earthquakes equal or larger than M magnitude. Gutenberg-
Richter relation does not become linear for all magnitudes.
Therefore, the magnitude interval (M;, M,) in which the
logN(M) is linear must be known. So that, the relation is
undetermined for the large earthquakes since they are a few
number. On the other hand, it must be sure that earthquake
array is complete for the small earthquakes.

Parameters (a) and (b) in the magnitude-frequency relation
are constants. Parameter (a) depends on the observation
period, the order of the region interested and the seismic
activity, and defines a mean annual seismic activity index.
Parameter (b) is related to the physics of the earthquakes and
gives slope of the linear relation. According to the analysis
of worldwide data, it has been noted that b wvalues
considerably change as depending on the geological age of
the seismotectonic belt [4]. In general, low b-values are
related to high stress-drop, high b-values are related to high
heterogeneity of material and crack [7]—9] dataset, a and
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b-values are commonly computed by using the linear least
square approximation in (4);

n n n n n 2
S LogN;=an-b3y M;, ¥ M;LogN;=ay M;-b3 M7 (4)
i=1 i=1 =l i=1 i=1

’

n(br)=10°T"M

a'=a—Log(bln10), a/] =a'-LogTy,

)

RM)=1-enlMT Q:;(IH)

where n is the number of group. The annual mean number n
of earthquakes (M> M,) with specific magnitude equal and
larger than M, value in a specific time can be estimated by
using these relations. In any regions, occurrence risk in T
years of an earthquake with any magnitude M for
observation interval of T, year is calculated by R(M) in (5)
and recurrence period of an earthquake is estimated by Q in

(5) [10].

IV. ANALYSIS FOR AEGEAN AND
MEDITERRANEAN REGIONS

Definition of seismogenic sub-regions

A seismogenic sub-region must include seismically
homogenous fault segment where every point is assumed as
having the same probability for a future earthquake. Sub-
regions are mainly defined by two fundamental
characteristics. These are a seismic profile and the tectonic
regime of the region. Sub-regions should be defined as
characteristic seismic areas which are as homogenous as
possible.

Marking the boundaries between sub-regions is quite
difficult in the seismically complex regions like Anatolia.
The boundary between sub-regions of different seismic
potential should be located close to the highest
concentration around the hard core of the more active ones.
In these cases, all the possible characteristics such as the
distribution of epicenters, the type of faulting,
geomorphological conditions, seismicity and the largest
event should be taken account. Under the points of this
view, study area has been divided into 15 sub-regions (Fig.
3).

Computation of seismic risk and recurrence period

In this study, the linear least square method (4) has been
applied to obtain a and b parameters in (3) for each sub-
region shown in Fig. 2 using the earthquakes of Mg > 4.0
occurred from BC-496 to 2007. Distribution of the
earthquakes with the magnitude increment of 0.5 and
cumulative frequency values for each sub-region have been
given in Table 1. Fig. 4 shows the magnitude-frequency
relations. Seismic risk and recurrence period values have
been estimated by using a and b parameters given in Table
2. In the computations, magnitudes of Mg > 5.0 and
increment interval of 0.5 were chosen, and the relations in
(3) for seismic risk and recurrence period are used.
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Observational time interval (T, year) has been determined

by the completeness

condition of each

sub-region.

Maximum magnitude value (M,,) has been selected as
magnitude of the biggest earthquake for each sub-region.
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Fig. 3 Epicentral map and selected 15 sub-regions of Aegean and
Mediterranean regions.

Table 1.

Cumulative frequencies (N;) with the magnitude
increment of 0.5 for the earthquakes occurred in each sub-region.
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Fig 5. The standardized residuals versus the predicted seismic risk
for each sub-region. ¢ and R are standard deviation and correlation
coefficient, respectively.

Computations have been done for decades in the next 100
years in each sub-region. The results for sub-regions with
lowest and highest b-values have only been shown in Table
3 for projection. The standardized residuals of the predicted
seismic risk values have been determined. The standardized
residuals show in Fig. 5.

Table 3. Seismic risk and recurrence period values estimated by
using a and b-values for the earthquakes of 5.0<Mg< M, with the
magnitude increment of 0.5 in observation interval (T, year) of
each sub-region. Maximum magnitude value (M,,,,) is magnitude
of the biggest earthquake for each sub-region.

Magnitudes  Cumulative frequencies (N;) for each sub-region
(M) 1 3 4 5 6 7 8 9 10 11 12 13 14 15
.

4.0-44 142 27 100 65 31 46 106 8 66 69 39 24 3» 4 2
4549 113 14 65 29 20 19 58 43 30 33 2 12 15 2 10
5.0-5.4 8 11 46 7 15 8 3 31 20 17 12 10 8 11 6
5.5-5.9 9% 4 18 3 5 2 4 6 11 9 3 3 4 9 5
6.0-6.4 24 2 111 4 1 3 4 6 4 0 2 1 3 3
6.5-6.9 10 2 6 0 2 1 1 3 3 4 0 1 0 0 3
1074 0 0 it 0 1 1 0 2 0 10 0 0 0 3
1519 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1
Table 2. a and b-values with a standard errors estimated by the
linear least square method for each sub-region.

Sub-Regions Completeness date  Farthquake  a b

(d/mfyr) number

1 Izmir-Sakiz Island 01.01.1639 142 5.29£0.52 0.66:0.09

2 Manisa-Salihli 23.02.1652 27 3.1920.24  0.45:0.04

3 Sisam Is.-Aydin-Denizli 07.06.1751 100 4.74+0.32  0.63:0.05

4 Dinar-Ciyril 04.10.1914 65 3.84+0.57 0.63:0.09

5 Bolvadin-Afyonkarahisar 16.10.1862 31 3.48:0.19 0.48:0.03

6 Antalya Gulf 03.10.1914 46 3.50£0.55 0.5520.09

7 Gikova Gulf-Mugla-Gilhisar ~ 24.08.1920 106 473:0.51 0.73:0.08

8 Bodrum-Tstankdy 27.08.1886 84 3.30:0.37  0.43:0.06

9 Bozburun-Sombeki Island 18.10.1844 66 4.10£0.17  0.54£0.02
10 Fethiye-Rodos Tsland 28.02.1852 69 4.06:0.21 0.55:0.03
11 west of the Cyprus Arc 04.04.1925 39 3.62+0.51 0.55:0.08
12 Kas:Finike Gulf 30.04.1912 24 3.1120.31  0.4620.05
13 Kumlyca- Kilangic offshore  05.06.1927 35 3.36:0.44  0.53:0.07
14 Iskenderun Gulf-Andirn 17.02.1908 ) 3.81:0.31 0.54:0.05
15 Antakya 13.08.1822 21 3.10£0.24  0.39:0.03
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Fig 4. Magnitude-frequency relations computed by the linear least
square method. Thick line shows the estimated relation. Broken
and thin lines show confidence interval band of %95 and prediction
interval band. ¢ and R are standard deviation and correlation
coefficient, respectively.

Sub-regions  Mag Seismic risk R(M)% Period (year) Recur.
Mg period
noow N L N B0 0w 0 Q gea)
T(T=369y) 50 825 0960 995 098 100 100 00 100 10 5
Mea=B8 55 557 804 913 962 933 097 999 099 100 10
60 317 334 681 782 851 931 953 968 978 20
65 163 30 44 91 59 713 76 09 B2 4
2M=386y) 50 210 376 508 611 603 8038 849 881 906 3
Mpa=B9 55 131 45 344 430 503 626 675 T8 755 8
60 80 134 22 BF 342 444 488 B0 367 175
65 49 95 139 181 11 293 09 362 393 180
3M=25Ty) 50 648 876 936 983 993 998 999 100 100 100 j
Meas72 55 397 636 780 867 920 952 971 982 089 994 17
60 27 387 320 64 06 T0 820 859 89 913 30
65 112 M1 199 31T 4T 509 564 612 656 694 4
0 56 108 158 205 M9 291 331 368 403 436 248
4T84y 50 302 512 660 762 834 884 019 %3 061 972 10
MpesB0 55 160 204 407 500 81 648 704 5L 01 824 30
60 51 155 223 286 34 39T 45 490 31 368 90
5(T=M6y) 50 525 775 %93 45 97§ 993 97 099 999 10
Mows70 55 349 576 T4 82 883 95 068 070 986 5
60 219 389 03 67 709 522 861 891 913 35
B5 132 47 M7 433 508 63 679 721 738 70
07 151 27 279 RBS 7 436 4 21 558 142
BT=8y) 50 376 3176 758 849 906 941 963 077 ms w1 M
Mees70 85 22 12 029 633 715 78 827 866 %03 019 40
60 123 123 19 413 486 350 606 655 608 736 B4
65 68 638 191 246 298 346 300 $2 411 N7 B
m 37 31 106 139 171 202 231 59 181 313 104
Te88y) 50 556 %03 913 961 683 092 007 999 %9 100 3
Mews65 55 206 504 651 754 827 878 014 040 057 90 A
60 140 261 365 454§l 3907 633 02 44 80 B
65 63 22 18 B0 279 324 367 07 w44 w0 T
B(T=122yr) 50 689 904 970 991 997 999 100 100 100 100 4
MoesT8 55 510 760 882 942 972 986 993 997 %08 999 20
60 352 381 728 824 886 926 952 %9 930 987 30
65 233 411 M8 633 T4 196 843 80 908 929 38
[ 149 276 384 476 354 620 617 5 766 sl 60
75 94 179 256 323 389 446 498 545 388 626 i
9m=164y) 50 708 915 975 003 00g 000 100 0 10 w0 8
Mees67 55 484 T34 863 929 963 981 990 05 007 w9 15
60 209 500 656 759 %1 881 917 942 959 961 28
65 174 317 436 334 615 682 T 783 820 852 52
10(M=156y) 50 644 873 955 984 994 998 999 100 100 100 9
MmasT2 55 422 666 807 889 93§ 063 079 988 %03 09§ 18
60 253 442 383 688 76T 826 87 903 027 g 3#
65 143 266 371 461 $B8 605 661 ! L SO A |
0 9 151 218 28 3B7 389 47 481 322 360 120
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08862
65 17
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19.7
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36
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V. CONCLUSIONS

In this study, seismicity of Aegean and Mediterranean
regions has been investigated by means of computations of
the magnitude-frequency relation, seismic risk and
recurrence period, and the results tried to be interpreted and
related with the active tectonic of region. The map in Fig. 3
showing the main faults and epicenter distribution
demonstrate quite high seismic activity in the region. At the
result of these observations, the study area has been
separated to 15 sub-regions (Fig. 3). Magnitude-frequency
relations have been determined by the data sets (Mg > 4.0) in
different observation intervals for each sub-region. Then
seismic risk and recurrence periods for the time periods of
decades in the next 100 years and magnitude interval of 5.0<
Mg <7.5 have been estimated from a and b values computed
to determine the magnitude-frequency relations.

In twos of the highest and lowest b-values were determined
as 0.73£0.08, 0.66+0.09 for sub-regions 7, 1, and as
0.39£0.03, 0.43+0.06 for sub-regions 15, 8, respectively. As
it well known, the high b value implies that the high seismic
activity had rolled in that region. According to the seismic
risk estimations, the highest earthquake occurrence
probability of Mg >7.0 in the next 100 years is %80.1
(0=0.19, R=0.89) for sub-region 8 and %75.4 (c=0.15,
R=0.92) for sub-region 15. Recurrence times for the
earthquakes with the same magnitude have been found as 60
and 62 years in these sub-regions. The highest occurrence
probability and recurrence time of an earthquake with Mg
>7.5 in the next 100 years have been found as %62.6
(0=0.19, R=0.89) and 85 years sub-region 8§,
respectively. [11], [12] had applied the regional time- and
magnitude-predictable model at the same sub-regions of
western Anatolia and eastern Anatolia [13] by using
earthquakes with the magnitude Mg >5.5 to compute the
occurrence probabilities and the recurrence intervals of large
earthquakes. The conclusions of present study agree with the
results of the regional time- and magnitude-predictable
model.

In conclusion, the large earthquakes have occurred in
western Anatolia like its other regions and will occur in the
future. For this reason, seismicity studies should be
continued for minimizing the losses of life and property
caused by earthquakes. Therefore, the tectonics features and
active faults and activity of the region should be defined
carefully and followed continuously.

for
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